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Alumina Cement on Chemical Industry Wastes 
 
The problem of creating new refractory materials on the base of chemical wastes with 
preset complex of performance characteristics is currently of topical importance. 
 
It has been established that water treatment sludge of PJSC “Severodonetsk Azot 
Association” contains calcite as a main component (up to 90 mass %), and that spent 
K905-D2 and GIAP-36 catalysts carriers contain α- and β-Al2O3 compounds, along with 
NiO and NiAl2O4, which makes possible their use as calcium and alumina-containing 
primary components in developing resource and energy saving technologies of 
aluminous cement, and also determines necessity in researching the structure of 
ternary CaO-NiO−Al2O3 system as a base of aluminous cement [1 – 3]. 
 
The structure of ternary CaO-NiO−Al2O3 system has been theoretically investigated 
and experimentally verified for the first time. Thermodynamic analysis of 15 solid phase 
reactions has been conducted, which has allowed to establish the region with formation 
of necessary phases of CaAl2O4 and NiAl2O4, confirming existence of connodes. It has 
been determined that ternary CaO – NiO – Al2O3 system splits into 7 elementary 
triangles by six connodes [4]. Also, the main topologic characteristics of CaO – NiO – 
Al2O3 system have been calculated, it has been established that the NiAl2O4 – CaAl2O4 
– CaAl4O7 elementary triangle has a slight level of asymmetry, and that the phases 
present in it have a high degree of existence, which makes possible to consider it as a 
reasonable choice from the viewpoint of obtaining aluminous cement. 
 
Based on the results of physicomechanical tests of binary aluminous cement 
compositions synthesized earlier, the composition with mass percent ratio of 50/50 has 
been chosen [5]. 
 
According to the results of XRD investigation of the raw mix based on water treatment 
sludge and rejected K-905 D2 catalyst carrier with the ratio of 50 / 50 (fig. 1), following 
diffraction maximums are identified, which belong to CaCO3 (d10
10 = 1.876; 1.913; 
1.928; 2.093; 2.294; 2.843; 3.035; 3.856 m), α-Al2O3 (d10
10 = 1.741; 2.086; 2.382; 
2.551; 3.481 m), NiO (d1010 = 5.60; 11.3 m) [3, 5]. 
 
 
Fig. 1 
XRD pattern of raw mix on water treatment sludge and rejected K-905 D2 catalyst 
carrier with the ratio of 50 / 50 
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According to the results of differential thermal analysis of raw mix based on water 
treatment sludge and rejected K-905 D2 catalyst carrier with the ratio of 50 / 50 (fig. 2) 
it has been established that at the temperature of 80 – 100 °C the hygroscopic water is 
removed from the slurry; the endothermic effect at 880 – 920 °C corresponds to 
decarbonization of calcite found in water treatment waste [4]. 
 
 
Fig. 2 
Results of differential thermal analysis of raw mix based on water treatment 
sludge and rejected K-905 D2 catalyst carrier with the ratio of 50 / 50 
 
Synthesized composition has been fired in a furnace with silicon carbide heaters under 
the temperatures of 1420 – 1450 ºC with 3 hour isothermic exposure and subsequent 
cooling of sample in the furnace. 
 
Phase composition of the alumina cement clinker has been investigated using the 
physicochemcal analysis method. The following phases have been identified on XRD 
diagram of the clinker (fig. 3): СаAl2O4 (d10
10 = 4.049; 3.715; 2.97; 2.851; 2.534; 2.403 
m), CaAl4O7 (d10
10 = 3.509; 2.534; 2.438; 2.403; 2.219; 2.021 m), and NiAl2O4 (d10
10 
= 4.67; 2.851; 2.438; 2.021 m). 
 
 
Fig. 3 
XRD pattern of aluminf cement clinker obtained from water treatment sludge and 
rejected K-905 D2 catalyst carrier 
 
Surface cleavages of aluminous clinker samples have been studied using scanning 
electron microscopy (JSM-840 scanning microscope). 
A section with significant amount of pores has been chosen on the surface. As seen on 
the microphotograph (×2000 magnification), predominant amount of pores are the 
closed ones as a result of gas inclusions rupturing (fig. 4). 
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At very large magnification (×23000), fig. 4, remnant crystal faceting close to cubic is 
identified on disperse particles. A set of exterior form peculiarities mentioned previously 
allows to classify the disperse particles as crystals of nickel spinel. 
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Fig. 4 
Microstructure of aluminous cement cleavage 
 
As a result of microscopic study it has been determined that the structure of aluminous 
cement cleavage is compactly sintered with small round pores of concealed nature with 
occurrence of inclusions. Pores are located uniformly on the clinker surface. 
Predominance of brown colors in the structure of clinker is an evidence of 
completeness of the phase formation reaction. 
 
Investigations of physicomechanical properties of synthesized cement have been 
conducted. The samples were made of normal consistency paste and have been 
tested according to the method of small samples. Hardening of samples has been 
carried out during 3, 7 and 28 days in air, air-humid and water environments. Test 
results are given in the table 1. 
 
Table 1  
Results of physicomechanical test of alumina cement 
Initial components  
(50 / 50 ratio) 
W/C 
Hardening 
conditions 
Ultimate compression strength, 
MPa, at the age of 
3 days 7 days 28 days 
Water treatment slurry ÷  
Rejected catalyst K905-
D2 
0.23 
On air 54 54 54 
Above water 56 63 74 
In water 49 53 53 
 
As reflected by presented results, the cement belongs to hydraulic binding material with 
normal water-cement ratio, is a fast-setting (setting time: initial set – 60 min. – 1 hour 
30 min.; – final setting – 1 hour 50 min. – 2 hour 30 min.), fast-hardening (ultimate 
compression strength at the hardening age of 3 days is 49 – 56 MPa) and high-
strength (ultimate compression strength at the hardening age of 28 days is 53 – 74 
MPa) binding material. 
 
Investigations of the hydration products of the aluminous cements have been 
conducted with the use of complex of physicochemical analysis methods. Hardening 
products have been studied with differential-thermal and XRD analysis methods. 
 
Results of differential thermal investigations of hydrated cements are given on the fig. 
5. It has been found that distinctive consecutive dehydration of present calcium 
hydroaluminates with various compositions occurs with the increase of temperature. 
This is represented by endothermic effect at 140 – 160 °C. Endothermic effect at 280 – 
440 °С is related to consecutive character of water removal. Endothermic effect at 
380 °С corresponds to the removal of constitution water from Al(OH)3. Exothermic 
effect at the temperature of 780 – 800 °C corresponds to complete dehydration of 
hydroaluminates, as well as to recrystallization and strengthening of cement stone 
structure. At the temperatures above 960 °C, transition to anhydrous СаAl2O4 takes 
place with the formation of Al2O3 crystals, which comprise the arming frame and 
increase cement strength. 
 
 
Fig. 5 
Differential thermal curves of hydrated aluminous cement 
 
It is important to note that the characteristic consecutive dehydration peak of 
hydroaluminates with different compositions deepens with the increase of hydration 
time, while the characteristic dehydration peak of aluminium hydrates with different 
compositions decreases. This falls into agreement with the hypothesis that hexagonal 
hydroaluminates of different basicity are formed on the base of aluminium hydroxide. 
Moreover, the decrease in cement stone strength as a result of cubic hydroaluminates 
crystallization is not observed, which complies with the data of XRD analysis [5]. 
 
Investigation using XRD analysis, fig. 6, shows that the main crystalline phases of 
hydrated cement are unreacted calcium aluminates CaAl2O4 (d·10
10 = 2.4; 2,519; 
2.973; 3.719; 4.68 m), NiAl2O4 (d10
10 = 4.68; 2.856; 2.438 m), CaAl4O7 (d·10
10 = 
2.597; 3.089; 3.509 m), including calcium hydroaluminate and hydrocarbonate with the 
compositions of CaAl2O4·10H2O (d·10
10 = 4.446; 7.21; 14.19 m), (CaО, 
MgО)·Al2О3·CO3·11Н2О (d·10
10 = 2.519; 2.856; 3.719; m). 
 
 
Fig. 6 
XRD pattern of hydrated aluminous cement at the age of 3, 7, 28 days 
 
Obtained data comply with the data of differential thermal analysis and shows the 
absence of cubic calcium hydroaluminates that promote the decrease of strength [5]. 
It has been determined by microscopic investigations that the cleavage structure of 
hydrated aluminous cement is mostly presented by uniformly arranged colorless and 
grayish-brown acicular crystals with hexagonal configuration and weak birefringence, 
grains have been identified as calcium hydroaluminate with probable composition of 
CaAl2O4·10H2O (up to 35 mass %). Isolated small pores of closed type are visible, they 
are not interconnected. 
 
A pore in nonisotropic heterophase material has been detected on the 
microphotograph with (×6000) magnification (fig. 7). Disperse particles having a form 
close to spherical (diameter of about 10 μm), short prismatic and cubic crystallites (with 
an edge of 1×2 μm and 1 μm, respectively), as well as numerous smaller microcrystals 
with unclear outlines, covering the entire inside surface of the pore, contribute to the 
porous structure. 
 
Fine matrix phase is present on the surface of the sample (fig. 8). Long prismatic 
crystals and thin acicular crystal up to 7 µm long are identified. Prismatic crystals are 
intertangled and create twin accretions, providing mechanical interlocking effect. 
Acicular crystals transfix the fine matrix phase, their sharp part occasionally enters the 
porous space, providing self-reinforcing and dispersion strengthening effects. 
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Fig. 7  
Microscopic structure of cleavage of the hydrated aluminous cement  
(×6000 magnification) 
 
 
Fig. 8  
Microscopic structure of cleavage of the hydrated aluminous cement  
(×3000 magnification) 
 
Therefore, with the use of the complex of physicochemical analysis methods the 
hydration products of aluminous cement have been studied. It has been established 
that the high strength of cement is provided by calcium hydroaluminate 
(CaO·Al2O3·10H2O-type), aluminium hydroxide and unreacted calcium aluminate grains 
present in it, which will promote further increase in strength. This coexistence of 
phases, both in crystalline and colloid form, provide the high strength of cement stone. 
Selection of reasonable granulometric texture of aggregate, taking into consideration 
the strength, density and uniformity, has been made in order to obtain high-strength 
refractory concrete with the use of developed aluminous cement. Samples with the 
dimensions of (5×5×5)∙10–2 m have been made. High-alumina chamotte of PJSC 
“Kondratievsky Refractory Plant” was used as aggregate. Cement / aggregate ratio of 
1/3 has been used. 
 
It has been found that in order to obtain a concrete with high strength, density and 
uniformity, the mix consisting of three aggregate fractions with the following quantity 
ratio of grain sizes is required: (1.25 – 0.63)∙10–3 m  –  10 – 35 mass %; (0.63 – 
0.315)∙10–3 m – 15  –  45 mass %; (0.315 – 0.15)∙10–3 m  –  30 – 65 mass %. 
Concrete samples in the form of (5×5×5)·10–2 m cubes have been made in order to 
measure the concrete strength after and before firing at the temperature of 1500 °C. 
Developed aluminous cement has been used as a binding material, whereas 
electromelted corundum and chamotte of PJSC “Ukrainian Research Institute of 
Refractories named after A.S. Berezhnoy”, high-alumina chamotte of PJSC 
“Kondratievsky Refractory Plant” and scruff flake from the furnace for aluminous 
cement production have been used as aggregates. Test results are presented in the 
table 2. 
 
Table 2  
Results of thermomechanical tests of concrete samples on the base of 
developed aluminous cement 
Aggregate Ultimate compression strength, 
MPa 
Before firing After firing 
Electromelted corundum 45 80 
Chamotte 47 85 
High-alumina chamotte 55 123 
Scruff flake 27 61 
 
Strengthening effect of concretes after firing at 1500 °C due to sintering has been 
observed in consequence of conducted investigations. It has been established that 
concretes obtained on the base of developed aluminous cement have a set of benefits 
in comparison to existing analogues: fast initial set time, high initial strength, absence 
of strength losses on 28th day of hardening. Such materials may be used both for large 
refractory linings of complex configurations, and for manufacturing of single-piece 
refractories with performance temperature of 1500 – 1600 °C. 
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